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Analysis Integration Objectives
for Simulation-based Design

Analysis Module Catalogs

* Highly automated
* Reusable, modular, extensible

1O
Design » Product-specific
Product Model * Leveraging generic solvers
Selected
MCAD > g Analysis Module (CBAM)\ cAE
ECAD > O Automated Ansys FFFFFFF=>
\ |dealization/ &~ | BEEE
Defeaturizatio C """" =

Conditions\
Abaqus i Ranan

Environments, T | €= '
||\\/|/If9- CAD/CAM, b |10 lterative AnaIySIS Results
easuertecments’ S Improvements

Improved
Design / Process
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Analysis Integration Challenges:
Diverse Disciplines

Electrical
Fatigue
Ag
|¥N
Vibration
Thermal
T
3L \
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Analysis Integration Challenges:
Heterogeneous Transformations

¢ Homogeneous Transformation

Design
Model A

000
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ngn=c= Ooff,,
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Mentor Graphics

+ Heterogeneous Transformation

Design
Model A
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Design Model

Multi-Fidelity Reusable
|dealizations

Analysis Models

\

_ Multiple Uses

2-D bounding box

-

/

Multi-Fidelity

Idealizations

i
<7

~

\/

Multiple Uses

<

/

3-D bounding box

=

Georgia Tech Engineering Information Systems Lab ¢ eislab.gatech.edu

Solder
Joint
Deformation

PWA
Cooling

Solder
Joint
Deformation

PWA
Cooling



Multi-Fidelity Idealizations

Design Model (MCAD) Analysis Models (MCAE)

1D Beam/Stick Model

flap support assembly inboard beam

3D Continuum/Brick Model
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Design Geometry - Analysis Geometry

Mismatch

Detailed Design Model

Missing: Explicit idealization relations

I'iib =
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2.2
1. 179 -1 .
oty MO OARN B 22

Idealizations

cavity3.inner width + rib8.thickness/2
+ rib9.thickness/2

Analysis Model
(with ldealized Features)

See VIEW A-A
ce 70 = Bolt Head Radius
(142 flat to flat distance)
ri = Bolt Hole Radius
i Bolt Diameter

| End Pad
B

VIEW A-A
te End Pad
27"
’ l
] EI i
T A=
len to

Bolt Washer/
End Pad Interface
(Bolt Head

not shown)

SECTION B-B

Channel Fitting Analysis

“It is no secret that CAD models are driving more of today’s product development
processes ... With the growing number of design tools on the market, however, the
interoperability gap with downstream applications, such as finite element analysis,
is a very real problem. As a result, CAD models are being recreated at

unprecedented levels.”

Ansys/ITI press Release, July 6 1999
http://www.ansys.com/webdocs/VisitAnsys/Corplnfo/PR/pr-060799.html
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Missing Today:
Explicit Design-Analysis Associativity

CAD Model
bulkhead assembly attach point

CAE Model channel fitting analysis

LINKAGE SUPPORT NO. 2 (INBOARD BEAM REF |23 L4S67)

© 1999 GIT

3D VIEW
ENGINEERING REF
SCALE: MONE

material Bulkhead Assembly Attach Point at Upper Beam Location
detailed properties
e al e BATHTUB TYPE TENSION: FITTING ANALYSIS
0 REF(DM6-B1766, *Tension-type fittings™
de3|gn Makerial Properties & Geometry:
347 Ot AR 8 . . pST Puls 5960] LBS
geometry idealized : et (£ - [soouenl £os
56 O ana'ysis - PSI £ 0.4375] IN
llclt = PSL ¥2s 3] [ IN
I~ epu = 0.067 | IN/IN imis 1.
NO e‘xl geometry SpuULT = 0.030 ) IN/IN Ste & 0.500} IN
W= 0.310] IN tbii= 0.307 ) IN
b e = 1.267].IN a= 1.770) IN
f alne _-—-' b= 2.440)°IN nis o8a] IN
lne_ T
Wall Tension Analysis:
<4 AE Anet = 2 frw = pst
- Agross = N2 Rtw = (Actual)
. . Wall Bending Analysis: Kwall = cu = N
. t T o[- o.ea9] nt eow = [ a16247]) ps1 o« [_o.s6] 1
SOCla lVl fau e LB-IN M= LB-IN <= N
aS Rbw = (Actual)
s exa
ni= Rewu = (Allowable)
gamma = Rbw = (Allowable)
3 MSwall = 9:17
End _Pad Bending -Analysis: «+%%% PLASTIC BENDING ANALYSIS *#&&#&
K3 = the = PST
i Fbe = PS1
analysis_| +® - xena- Mseph = T
reSultS End Pad Shear Analysis: fse = PST

MSeps. = 9.37

Allowable Loagd Pallow = 36395] LBS

WARNING: Edgeé distance ‘h"-'e - tb/2’ should be at least twice the hole DIAMETER
(2(2ri)) from the free edge to prevent tension failure in wall.

Fastener is LE7K18 and represented as beam element number 362 in FEA
model. Load considered is 2G7T12U intact (Detent 0, Fairing Condition 1) and is

obtained from the FEA model axial beam loads.

ench. | AJAME 12/206/96|| peviseo DATE Outboard TE Flap, Support No. 2 (2.9 300
o Bulkhead Attachment Location to |23(4Sk)

ibbulk.tem ibbulk.dca
APR ENGINEER DEVELOPED TEMPLATE
APR PAGE z H){;’
PGM 3734207 -PRCD 1AS
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Multi-Directional Relations
“The Big Switch”

¢ Sizing/synthesis during early design stages
— Input: Desired results - Ex. fatigue life, margin of safety
— Output: |dealized design parameters
— Outputs then used as targets to guide detailed design
+ Analysis/req. checking during later design stages
— Input: Detailed design parameters
— Intermediate results: |dealized design parameters
— Output: Analysis results - Ex. fatigue life, margin of safety
— Outputs then compared with requirements

Georgia Tech Engineering Information Systems Lab ¢ eislab.gatech.edu 10



X-Analysis Integration Techniques

Explicit Design-Analysis Associativity

Multi-Representation Architecture (MRA)

@ Analyzable
Product Model

@ Context-Based Analysis Model

APM

Printed Wiring

Printed Wiring Assembly (PWA)

Board (PWB)

CBAM ABB
APMq)AIs'Is'
[ Component_ JJ\ Spider
JlComeonent ]\ Join [ component_| 7

(2 Analysis Building Block

(@ Solution Method Model

body A BB‘*’SM M
D —
body,

older Joint
PWB

SMM

Design Tools

Solution Tools

Analysis Module Creation Methodology

Physical Behavior Research
Design Handbooks

Commercial
Design Tools

MCAD <¢=p
ECAD <4+—>

© 1999 GIT

Product
Model

Routinization
(Module Creation)

Analysis Module Catalogs

Routine Analysis
(Module Usage)

Selected Module

===

Commercial
Analysis Tools

Solder Joint Deformation Model

Idealization/
Defeaturization Solder Joint Q
H H E— | PWB

APM < CBAM < ABB < SMM

Ansys

or

CAE

Abaqus

c

Design Model Analysis Model
@ APM PWA Component Occurrence @ CBAM Solder Joint Plane Strain Model
r3: linear-elastic model ; ‘
Ty: primary structural @ @ ABB Plane Strain Bodies System
material T\ total height, h , o] 2 N
[ @ 1
Solder Component body1 T,
Joint base: Alumina
( EpPOXY ) |
"I —— q) body 4 body 3
PWE core: FR4 < e ABé plane strain body, i = 14
< > body, Gazi,
L material,(E,v, )
Informal Associativity Diagram Y P
ABB ~ SMM
@ smm

®APM o O (2ABB
Ay O, \ \ >H f
solder joint *
shear strain
range deformation model
Plane Strain
Bodies System
approximate maximum a
inter-solder joint distance L. A4 g
! —O L
COERIET otalheight ¥\ he o
occurrence  component primary structural material™~ ;- elastic model £'7 SRS
wc O 5 = O model |
[ ¢ O
length 2 | 4 Lg
L
73 o
total thickness 1.2 hyg "
[ED l primary structural material " i, elastic mpdel stress-strain
O 149 model
rectangle [.1 Ts o
1 2
detailed shapg [1.2] o) geometry model 3
solder joint solder linear-elastic model 2.1] stress-strain
- 7 average O model 3
bilinear-elastoplastic model 1 o) T; Yy, extreme, 3O}
i [2.2] Ty

Vxy, extreme, sj

Constraint Schematic (Information Model)
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XalTOOlST’M ~ailools
X-Analysis Integration Toolkit Sae.

Multi-Representation Architecture (MRA) CAD/E Framework Architecture
I m p I e m e n tati O n ,:;:gng:?;: Template Libraries: Analysis Packages®, An;g,:ibs,em\%v:;o's

@ Analyzable IDEAS*, Pro/E*, AutoCAD* CBAMs, ABBs, APMs, Conditions* Condition Mgr*, ...
Product Model (@ context-Based Analysis Model Instances: Usage/adaptation of templates
APM ECAD: Mentor Graphics (AP210) '; £ \
5 -7 Accel (PDIF, GenCAM)* Persistent =X
Printed Wiring Assembly (PWA) (2 Analysis Building Block el enCAM) COB Schemas Object PR
5 A R it
@ Solution Method Model objects, X.cos, x.exp epository
CAD Tool ODBMS*, PDM* a

CBAM ABB SVM COB Server COB Analysis Tools

Navigator: XaiTools

arn@uss Editor (text & graphical®)

[ Component” J\S50% T | 7, o, | 4BEYsane ] —
Y SEeont — body body Material - »
e —— H_%‘I__L' body, - =)
Printed Wiing Board (PWE) Property COB Instances %
Manager -
objects, x.coi, x.step L
Design Tools Solution Tools /V
>St ) d d ’ Other CORBA
IR Wrappers*
Parts \ Custom Tools
Manager‘ Tool Forms
Analysis

(parameterized —»

tool models/full* SMMs) Codes | )/

FEA: Ansys, Elfini*, Abaqus* Mathematica

Analysis Modules & Building Blocks
asterisk (*) = in-progress/envisioned extensions Math: Mathematica, MatLab* MathCAD* CORBA Wrapper

Constraint Schematics Implementations In-House Codes

Product-Specific Applications

+ Aerospace structural analysis
PWA-B thermomechanical analysis & design

XaiTools PWA-B™
+ Electronic package thermal analysis

XaiTools ChipPackage™

,,,,,,,,
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Example Projects

© 1999 GIT

Team Integrated Electronic Response (TIGER)
— Sponsor: Defense Advanced Research Prog. Admin. (DARPA) (SCRA subcontract)
— Domain: PWA/B thermomechanical analysis
Product Data-Driven Analysis in a Missile Supply Chain (ProAM)
— Sponsor: U. S. DoD JECPO National ECRC Program (CTC subcontract)
— Stakeholder: U. S. Army Missile Command (AMCOM)
— Domain: PWA/B thermomechanical analysis
Design-Analysis Associativity Technology for PSI (PSI-DANTE)
— Sponsor: Boeing
— Domain: Structural analysis
Design-Analysis Integration Research for Electronic Packaging
— Sponsor: Shinko Electric
— Domain: Chip package thermal resistance analysis

Georgia Tech Engineering Information Systems Lab ¢ eislab.gatech.edu 13



Flexible High Diversity Design-Analysis Integration

Aerospace Examples:

“Bike Frame”/ Flap Support Inboard Beam

Design Tools

MCAD Tools
CATIA

]
—__|

IR

TN 21 x| | - micl

Materials DB
MATDB-like

Fasteners DB
FASTDB-like

* = [tem not yet available in toolkit (all others have working examples)

© 1999 GIT

Modular, Reusable

Image API

@

7

\ 1_5D
Lug:

Axial/Oblique;
Ultimate/Shear

A/V

<> Fitting:
Bending/Shear

Analyzable
Product Model

XaiTools

Analysis Modules (CBAMSs)
Template Libraries of Diverse Feature:Mode, & Fidelity

XaiTools

1.5D T;

. Analysis Tools

General Math
Mathematica

In-House
Codes

3D
Assembly:

Ultimate/
FailSafe/Fatigue*
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ProAM Design-Analysis Integration
Electronic Packaging Examples: PWA/B

Design Tools

ECAD Tools
Mentor Graphics,

PWB Layup Tool

Modular, Reusable
<! Template Libraries

Analysis Modules (CBAMSs)
of Diverse Mode & Fidelity

XaiTools Analysis Tools
_PWA-B__ General Math

XaiTools PWA-B

STEP AP210* Solder Joint 1D, Mathematica
Cental™ Deformation* 2D, REAARSYS
Analyzable £ '
Product Model
J— PWB
allools WarEage
PWA-B

Laminates DB

Materials DB

# AP210 DIS WD1.7 * = Item not yet available in toolkit (all others have working examples) ** = Item available via U-Engineer.com

© 1999 GIT

Deformation
& Fatique**

1D,
2D
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Design Automation

Post-Lamination Thickness Calculation
Before: Typical Manual Worksheet After: Tool-Aided Design

(CZS much as 1 hour engr. time) post _lamination _thickness =  nested _thickess,

Multilayer — Shear / Print / lLay Up Instructions . 5
nested _thickness = kt, —resin_to_fill
Part # ____ o Rev. . — prepreg _set n"sf; __ _
1
Panel Size _I6X 19 No. Up é Etx ¥T_/¥7i8 wio s S5 687-20
Thickness Measure:  Overall/NiRu QUEr Base-lam e Minimum Dielsctric . o235 n n
Finished Thickness: Minimum . @2¢ .. Nominal . @93 Maximum , /€0 . tiaiyi |tiaiyi|
— 1 1
, o, =C, +C, +C,
Laminated Thickness: Minimum . 090 Mominal . _896 Maximum . 22 (tz /2) (tz /2)
|
i d1  Tetr Polyimide er H i reat 7 E
Material Use etra Q i Copper Used Double Trezat X :%F’WE Layup Design - Detailed Layup
Tetra 11 _ Other 1 HIE > File:
1 -
Laver No: Haterial ! Layerld Min Thick Mormal Thick Max Thick Layer Funct 1
‘ | Stamp Mork Orcer # On Ligntest Weignt Sive: aver in Thickness ormal Thickness ax Thickness ayer Furction Can
s £ " Layar 1 2.00 cond
@ __itete o | Clip 1 Cormercs) Of: . Mag 1. Coret i oo ess e [,
; 7 !
o 0% M | 1 nat 1. laer2  [200 |GG [CSZENN [EEN  [SEE | | oee
e ‘ Prereat  [1080%3 [|SETEER (GOSN [CSEENN [P | | o
— ) - -
& NS S:j’ I ge012 Icl—élci 53 Matl,
S oze I we029 taprs 000 |GG [CSEENN [ESGEN  (SEER | | oiee
& ; PLAnE ! geo10 ¥ mattl,
[BATS j 4ot corez  [Lnorsoczczc | [OOSR SRR [EOEERN  [CEERN | | At
& l1—10%e uld | #8029 )
Tl 5012 vired) Lard [0 oo [osom [w00 [Swna
7 i
o 098 0RL With ___ 0z, Side Down ety 10803
AL Laers 200 | [BOEET [GSETT [EIET  [FRRE
With 0z. Sice Up
10. or on . Lare  [200 -|[SEGET [GEETI [EIET PR J
i, coxe ~ O 5sL t Expose Ourcz Side A 1080"3
o=sé . e [ [OOSR [CSEN EEE 4
12, S O D panels Of Layers 243 on , 028 T
oL TE | T feees  [rnosoczeze | BTSN [CSERM [FSEN [EERN
S Slaes T O3NS cpmm R aneis Of Layers 2 0n - g22 [owee [ || [EEEE [EREE (S
-
AN \ava\ '
i
se. DoPrivé . panels Of Layers on . coes  [L2101500203R N L T
i
SA_«AL INSTRUCTIONS: | Pring _ Panels Of Layers on . Layert 0 _ _ _ n
| -
I Print . Panels Of Layers On . = -
! Mesting factor {otal PostLamination Mot Thick >
[ Pring’ . Panels Of Layer On . Solve = RupP¥B YWarpan|
i |1 1} Coefficient of Thermal Bending:
| Expose | Qurice Side .
- - _ <=Previous exit |
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Iterative Design & Analysis
using XaiTools PWA-B

PWB Layup Design Tool 1D Thermal Bending Model Quick Formula-based Check

|PWB Warpage Analy [ E3 |
S
e
o P Thmal engngose D Famuas P 9
T Dol [T
e ot Tremasensny 2y SEETTOETOEET a
[ P . b
boert [ e it it Coro e . — —
o) o) B it . o [ ——
-
o e e T Re-design —
bowr [ o G i =
bows [0 e e e S
pepegz [z o ) ) Frewen e % 9
Lt [ e e ) S P P e st GorEn SR
boz [y sljows D i = o walTonparre |7 PADssaton DR
o | oo oo oo o] N T —
Prepregz 10803 ) 00064 0088 Frepreg 2 Plane o Temperature Change. [ss W Description [Warning Wodule Pwe
= e renssedtn [ ourelonisioriness [JusrmEmmRE 177071
MaxSress 30¢ 376297 PWB Post Laminaton Thickness [006376 =
instess [Ems osovino 5
Local Warpage [zrees B Total Length () R
- - Warpage Ratio [oo0ziz9m619m2832128 Allowable Warpage Ratio [ooors | t W
Nestig factr Totl PostLaminationNom Thek. [00878 T Hargin of ety [FerenTmes 1
sone [A——
| — 5 ] Creato FEA it View FEA nput
<<Pravious ‘ Calculate FEA Results.

PWB Warpage Modules
Analyzable

Product Model 2D Plane Strain Model Detailed FEA Check

Fie tep

ansys 5.4

PWE Thermal Bending Mogel (1D Formuiae) 4 PWB Layup
1 OZ Cu B ot Disgonl [storsmms
. cost ThematBencing u)  [STTTRTOOOTSSTTET

Waroage

Tetra GF 20z. Cu s B e
1 0z. Cu

Catctste Resuts =T oiwectic ] conductor =
2x 2116 S

Intal Temperatura 5 PHA Dsserpton [Waring Wadus P 9 e
Final Temperature E PWAPaE I ‘ ‘ ‘ (
T t G F 1 O A Cu Temperaturs Change [1750 P Descrpton [WamingWodue Pe

FEANN Eler Div 2 PAE Part# [ABC_9730
FEAASpect Ratl 1 PWE Pre-Laminton Thicknass

O Z M Sress ¢ [25 rwoPostLaminatonThickness [00878
2 . Cu o P Taaaant: EC—
3 X 1080 Lo TR Tt Langh ) =

1 Oz. Cu —

Son (fox warpage check)
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Flexible High Diversity Design-Analysis Integration

Electronic Packaging Examples: Chip Packages/Mounting
(work-in-progress for Shinko Electric)

Design Tools — = | Modular, Reusable Analysis Modules (CBAMSs)
5 —| Template Libraries of Diverse Mode & Fidelity

ChipPackage  Mathematica

Prelim/APM Design Tool @:ﬁ‘"‘ | Analysis Tools
XaiTools ChipPackage / \ XaiTools General Math

Thermal

Resistance 3D

) Se——— Analyzable
Product Model /
PWB Laminates DB

: XaiTools = e
Materials DB* Thermal e —
Stress =
EBGA, PBGA, QFP _
o £2222838| T Basic 3D**
ow EEESe2c| & 5
omodoocs  mal I ¢

** = Demonstration module
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APM Design Tool

Preliminary Design of Packages

; XaiTools ChipPackage APM Deszign Tool - Microzoft Internet Explorer

J File  Edit “iew Go Favortes Help

J@.#.@ﬁ‘@@@@

5 8 5 E

4]

Back t=arinand Stop Refrezh Hame Search  Faworter  Higtory Channels | Fullzcreen b ail Print Edit
J.-’-‘«ddress @ http: £ fnarth, = aiT ools_ChipPackage/apm_design_toalfindes. hbml j “ Linksz
FHOME . ] r
Simulation of EBGA
EPBGAT
FEBGAN -
Package Design with Step Structure
EaorPrl
« Product Number
.'Eﬂ IEBGASEE_DefauIt_with_Step
(Design unicue identifer: drawing number or default format. Example: 19991112-01-EBGA3SZ)
s Request Number
|[RDRa399
(Analysiz unique identifer. Example: EDRE0223)
Heat Zinlk Thickness
Substrate Thickness

Ball High

@] | l_ l_ l_ E‘g Local intramet zone

Georgia Tech Engineering Information Systems Lab ¢ eislab.gatech.edu
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COB-based Analysis Tools
Typical Input Objects

‘giEBEA Thermal Resistance Analysis - Fri Oct 15 11:31:17 EDT 1933
File Option Utility ~ Help

ESESI;EJ::;?S |RDT129 EBGA Cross-Sectional View CUStomlzed

Drawing Murmber lBo0s1 z 4’/_/ AnalySIS MOdUIe TOOI
Package Part Mumber |HL2 BGAZSZ (4L-PKG) | . . .

PUWB Part Nurnber [Ehinko_board_A | | with idealized

package cross-section

EBGA Thermal Resistance Model (3D FEA)
Eletn Div for Line Length 0- 1 1
Elern Div for Line Length 1 - 10 2
Elern Div for Line Length 10 - 50 4

Elem DivforLine Length 50-100 iIg Add Solution Set Create FEAINpUL
Wiew FEA Input Calculate FEA Results
4 thermal_analysis_model M=] E3
Air Flow: Natural] 1.DmIs] 2.DmIS] 3.DmIS| 4.DmIs] User 35/ 08.._._..___.______________ I - . I _ - I _ . . . _ .. I - .
Marne | symbal | Twpe | nput | walues | FullNz
@ root thermal_anal... root =
& regquest_number STRIMNG Input "ROTT 29" thermal_
—-@ drawing_number chip_assembly thermal_
& drawing_number STRIMG Input "Jeooat” thermal_
Test Enviranment - i@ package eboa thermal_
Ambient Temperature [C] |20 @ part_number STRING Ingut "HLZ BGA3SZ... therrmal_
Powrer [¥i] 2 @ mold package_mal... thermal_
Heat Generation Rate Aim3] |D.DBDB1?34518530?652 —-I-@ chip package_chip thermal_
Alr Flow Vielocity [mfs] 2.2 @ chip_power REAL Input 2 thermal_
Convection Coefficient [W.fm201|1.910636604599439855 _— REAL Input 11.43 thermal_~
oy REAL Input 11.43 thermal_
Salve / & height REAL Input (1] thermal_
+- @ component_rnateri package_sin... thermal_
+- @ heat_sink package_hea.. thermal_
+ i@ die_attach package_die... thermal_
+- i@ solder_joint package_out.. thermal_
+ i@ substrate package_sub... thermal_j
Solve
Generlc COB Browser raat { thermal_analysis_moadeal )
. . . . MName | Local | Oneway | Relation |A| |
W|th deS|gn and anaIyS|S ObJeCtS tam1 Y =heat_generation_rate> * =drawing_number.package.chipax=* .|V | |+
. . tamz2 A3 =zconvection_coeficient[0]= == 0.000001 * 0.664 * <air_thermal... |V | ..
(attﬂbutes and relat|0n3) tam3 W =corwection_coeficient[1]= == 0.000001 * 0.664 * =<air_thermal... [p]..
tamd A3 =convection_coeficient[2]= == 0.000001 * 0.664 * <air_thermal... || ... ﬂ
e o P - Y L L e et LT B I o T T N U DU ¥ Moy | =
©1999 GIT 20




COB-based Analysis Tools
Typical Highly Automated Results

Analysis Module Tool with Results Summa

17 EDT 1939

EBGA Thermal Resistance Analysi i Oct 15 11

File  Option  Utility  Help

ries

EBGA Parameters
Request Number ROT128
Drawing Murmber BO0ST

HL2 BGA352 (4L-PKG)
shinko_board_A

Package Part Mumber
PWB Part Number

EBGA Thermal Resistance Model (3D FEA)
Elem Diw for Line Length 0- 1 1
Elem Divfor Line Length 1 - 10 2
Elem Divfor Line Length 10 - 50 4
Elerm Div for Line Length 50 - 100 10

EBGA Crass-Sectional Yiew

Add Solution Set

| Create FEA Input

Wiew FEA Input

Calculate FEA Results

Test Environment
Ambient Temperature [C] 30
Power [A] 2

Air Flow Velocity [rm/s] 3.2

Solve

Heat Generation Rate fim3] [0.030617345185307652

Convection Coefficient MWm2C)[1. 8108366045994 398E-5

A Flow: Natural| 1.0mvs | 2.0mis | 2.0mus| 4.0mis | User. 3.6mis User: 3.2mis

Analysis Results

Max Temperature [C]

Min Temperature [C]
Thermal Resistance &ja [CM]
Thermal Resistance gjc [CAN]

Average Package Surface Temp [C]
Average PWB Top Surface Temnp [C]

4613
120,62

154
52

Average PWE Bottorn Surface Temp [C][37 .66

Wiew Graphical Results

[8.065000000000001
0.08000000000000185

Viewing "Z0\. \fea\EBGAmacro.lib"

File
ELOCED

BLOCK,EUO0,BU1,BL0,BI
ELOCE,EV1,BV2,BLO,BI
BLOCK,EUZ,BU3,BL0,BI
ELOCK,EV3,BV4,BL0, BT
BLOCE,BU4,BU5 ,B10,BI
ELOCE, EVS, BV, BLO, BT
BLOCE,BUO,BU1,BL1,BI
ELOCK,EV1,BV2,BL1,EI
BLOCE,BUZ,BU3,BL1,BI
ELOCE,EV3,BV4,BL1,BI
BLOCE,BU4,BUS,BL1,BI
ELOCE,EVS BV ,BL1,BI
BLOCE,BUD,BU1,B12,BI
ELOCE,EV1,BV2,BL2,BI
BLOCK,EV2,BV3,B12 B
ELOCE,EV3,BV4,BL2 BT
BLOCK,EW4,EU5 ,B12 B
ELOCK,EVS B ,BL2,BI
BLOCK,EW0,EV1,EL3,BI
BLOCK,EU1,BUZ,BL3,BI
BLOCK,EV2,BV3,B13,B1
BLOCK,EU3,BU4,B13,BI
BLOCE, EW4,BVS, BL3, BT
BLOCK,EUS ,BUS ,BL3,BI
BLOCE, W0, EV1,EL4, BT
BLOCK,EU1,BUZ,BL4,BI
BLOCK, EWZ,BV3,BL4, BT
BLOCK,EU3,BU4,BL4,BI
BLOCE, EW4,BVS, BL4, BT
BLOCK,EUS ,BUS ,BL4,BI
BLOCE, EW0,EV1,ELS, BT
BLOCK,EU1,BU2,BLS ,BI
ELOCK,EV2,BV3,BLS,BI
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T EBGA12.eps - GSview
Fiie Edt Options Yiew Orentation Media Help

=

File: EBGATZ eps 498, 6920t _Page. 1" 10l 1

ESESIOIB [ &] ¢ [+ [l [ [ B3|

ANSYS 5.4

FEA
Temperature
Distribution

BLOCK,EU3,EW4,BL5,BL
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File

FPREF7 -
ET,1,30LID70
MP,E0,1,0.15
MP,EYY,1,0.15
MP,EZZ,1,0.15
MP,E,2,0.39
MP,EYY,2,0.38
MP,KZZ,2,0.39
MP, 0,3, 0. 0030
MP,K¥Y,3,0.0030
MP,EZZ,3,0.0030
MP,E>, 4,2, 758999995
MP,EYY,4,2. 758999995
MP,KZZ,4,0.016037627
MP,E, 5,2, 0E-4
MP,EYY,5,2.0E-4
MP,KZZ,5,2.0E-4
MP, 0, 6,0, 07816
MP,FYY,6,0.07816
MP,EZZ,6,0.07816
MP,FXX,7,2. T59E-5
MP,EYY,7,2.759E-5
MP,RZZ,7,2. 759E-5
MP,EC,8,0.039342
MP,KYY,8,0.039342
MP,EZZ,0,0.039342
MP, KX, 8,3.BE-4
MP,EYY,3,3.0E-4
MP,KZZ,8,3.8E-4
*ULIE,EBGAnacra, lih,

+USE, PUBLAYER, 0,0.01

e

Auto-Created
FEA Inputs
& Mesh Model

Thermal Resistance

Air Flow Velocity

ﬁ File Edit Yiew Insert Format ook Chart Window Help =& ﬂl
DEE SRy te@ Y -~ |a®(- 20 mea @
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Chart 2 | =
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2 |JB0081 )
| 3 |HL2 BGA352 (4L-PKG) Thermal Resistance j-a
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15| 14
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17 | [ g 12
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ER 2| & FEGRRT ] \H
|10 3| 8146667 @ 3 —
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112 5 7.956667 g
13 ] 2 BOES g 4
MES s 2
15
15 0 T T
VS. [ 2ot

= 18 i '
Ma air flow velocity
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[
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Using Internet-based Analysis Solvers
Engineering Service Bureau

User

Client PC

Solver Servers

Thick Client

XaiTools

Finite Element
Analysis (FEA)
> Solver

JauIa}U|

Ansys

Math
Solver

Mathematica

[ VEHOD

Georgia Tech Engineering Information Systems Lab ¢ eislab.gatech.edu

Current:
U-Engineer.com
Pilot Demo

Future:

Company Internal
or

U-Engineer.com
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¢ Objectives & Challenges
¢ Technique Highlights and Applications
=) o Constrained Objects (COBs) Overview

+ Usage for Analysis Integration

¢ Summary
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COB Structure: Graphical Forms

Spring Primitive

Figure Constraint Schematic
<L
F——] AL r3
¢ O spring constant, k F o kAL force, F' O
“ X, “k VoV 5 r B total elongation, A L O
deformed state O undeformed length,Ly | A; -7 _; length, L O
Relati fi i L=x, =3 OStart,xj L=x,-x
elations r:AL=L-1I, Oend. X [
ry i F=kAL
Basic Constraint Schematic Notation ,
Template Structure (Schema) SUbSyStem View
variable a subvariable a.d Z Sug‘sggéetr;p;h (fOI" reuse by Other COBS)
04 »O d (D a b (] subvariable s.b .,
relation 7/(a,b,s.c) . Spring i
" option category 1
oby— 1 JF—-pc ¢ —l option 1.1 Dk FQ

2 [1.1] f=sd
e=b-c = fO / —t DLO ALC
. e=f M2 f=g
O equality relation option 1.2 :) X; L C
w
L[j:1,n] aggregate c.w X
@ »O' element w, ok

© 1999 GIT Georgia Tech Engineering Information Systems Lab ¢ eislab.gatech.edu 24



COB Structure: Lexical Form
Spring Primitive

Constraint Schematic

r3
O spring constant, k F— kAL force, I’ O
” total elongation, A L O
;
undeformed length, L _ length, L
O 920 fAL=L-1L, O
start, X;
O ’ L=x,—x
C>end,x2 [ r1

Lexical COB Schema Template

COB spring SUBTYPE OF abb;
undeformed length, L<sub>0</sub> : REAL;
spring constant, k : REAL;
start, x<sub>1l</sub> : REAL;
end, x<sub>2</sub> : REAL;
length, L : REAL;
total elongation, &Delta;L : REAL;
force, F : REAL;

RELATIONS
rl : "<length> == <end> - <start>";
r2 : "<total elongation> == <length> - <undeformed lengths>";
r3 : "<force> == <spring constant> * <total elongation>";
END COB;

© 1999 GIT Georgia Tech Engineering Information Systems Lab ¢ eislab.gatech.edu



Example COB Instance
Spring Primitive

Constraint Schematic Instance Views
example 1, state 1

r3
5 N/mm Osprlng constant, k F = kAL force, F' Ol10N
total elongation, A L
r2 5 O 2mm
undeformed length, L length, L
20 mm| O— J 0 JAL=L-L, O 22 mm
: start, Xx; L=x,—x,
end, X r1
() 2 |
Basic Constraint Schematic Notation
Instances
100 Ibs Oi Input a = 100 Ibs
He b Result b = 30¢e6 psi
3006 psi (output or intermediate variable)
c Result ¢ =200 Ibs
200 Ibs|| C (result of primary interest)
M Equality relation is suspended
Xr1
O— Relation r/ is suspended
o—{ [
© 1999 GIT
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Lexical COB Instances
input:

INSTANCE OF spring;
undeformed length : 20.0;

spring constant 5.0¢
start : ?;

end : ?;

length : ?;

total elongation : ?;
force 10.0;

END INSTANCE;

result (reconciled):

INSTANCE OF spring;
undeformed length : 20.0;

spring constant 5.0
start : ?;

end : ?;

length : 22.0;

total elongation : 2.0;
force 10.0;

END INSTANCE;
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Multi-Directional 1/0O (non-causal)

Spring Primitive

Constraint Schematic Instance View

Design check example 1, state 1
r3
5 N/mm Ospring constant, k F = kAL force, F’ Ol10N
- total elongation, A L O
o (./Lundeformed length,Ly | A7 = L-1L, length, L O 22 mm
Qs—tart’ il L=x,—x
O end, X, | r1
Design synthesis example 1, state 5
r3
20 N/mm Ospring constant, k F = kAL force,FO 40 N
B total elongation, A L O 2mm
- Oindeformed length, Ly | o7 = -1, length, L O 22 mm
10 mm (}start, ol L=x,-x ‘
32 mm Ognd, i | r

Lexical COB Instance
(state 5)

input:

INSTANCE OF spring;
undeformed length : 20.0;
spring constant : ?;
start : 10.0;
end : ?;
length : 22.0;
total elongation : ?;
force : 40.0;

END INSTANCE;

result:

INSTANCE OF spring;
undeformed length : 20.0;
spring constant : 20.0;
start : 10.0;
end : 32.0;
length : 22.0;
total elongation : 2.0;
force : 40.0;

END INSTANCE;

© 1999 GIT Georgia Tech Engineering Information Systems Lab ¢ eislab.gatech.edu
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COBs as Building Blocks
Two Spring System

= e T Lw

ujy uz

Constraint Schematic

spring 1
Elementary

Sl Lexical COB Schema Template

Ok F
COB spring system SUBTYPE OF analysis system;
- :) Ly AL C beb O U springl : spring;
_ C spring2 : spring;
% =0 D X LG deformationl, u<sub>l</sub> : REAL;
O X deformation2, u<sub>2</sub> : REAL;
load, P : REAL;
RELATIONS
bc2 _ bc3 bcl : "<springl.start> == 0.0";

spring 2 bc2 : "<springl.ends> == <spring2.start>";
/ Elementary bc3 : "<springl.force> == <spring2.force>";

Spring bc4 : "<spring2.force> == <load>";
:) k FC bc4 O p bc5 : "<deformationl> == <springl.total elongation>";

bc6 : "<deformation2> == <spring2.total elongations>
O Ly A C u, =AL, +u, —O + <deformationls>";
END COB;

O x; L bch
O x,

© 1999 GIT Georgia Tech Engineering Information Systems Lab ¢ eislab.gatech.edu 28



Analysis System Instance

Constraint Schematic Instance View

10.0

3.485

spring 1
Elementary
SIS 10.0
55| Dk FQO
80 | DL, ALQH-8t84+ 05 O u 1818
bc1
x, =0 O X L (] 9818
9.818 O %
bc2 bc3
spring 2
/ Elementary
Spring 10.0 -
6.0 O k FO—— O P
8.0 O Ly ALC uy =AL, +u —O)
9818 [ L (4 %597 bet
19.48 OF"
© 1999 GIT

Two Spring System

Lexical COB Instance

input:
INSTANCE OF spring system;

springl.undeformed length 8.0;
springl.spring constant : 5.5;
spring2.undeformed length 8.0;
spring2.spring constant : 6.0;
load 10.0;

END INSTANCE;

result:

INSTANCE OF spring system;
springl.undeformed length : 8.0;
springl.spring constant : 5.5;
springl.start 0.0;
springl.endO 9.81818181818182;
springl. force 10.0;
springl.total elongation
springl.length 9.81818181818182;
spring2.undeformed length 8.0;
spring2.spring constant 6.0;
spring2.start 9.81818181818182;
spring2. force 10.0;
spring2.total elongation
spring2.length 9.66666666666667;
spring2.end0 19.48484848484848;
load 10.0;
deformationl 1.818181818181818;
deformation?2 3.484848484848484;

END INSTANCE;

Georgia Tech Engineering Information Systems Lab ¢ eislab.gatech.edu
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Spring Examples Implemented
INn XaiTools X-Analysis Integration Toolkit

24 spring [_[o] =]
Marme Symkbal Tyne Input Walues
| root spring -
@ undeformed_length Lesub=D<fsub= REAL  Input 20 i Spring_system PRI=
@ spring_constant K REAL Input 5 Marme Symboal : Tyne Input WValues
o start w=sub=1=isub= REAL Cutput Mowalue {@ root . spr!ng_system
W endl ¥=sub=2=fsub= REAL Qutput Mowalue ? @ sprinot Spmng
@ length L REAL Qutput 23 o unujefnrmed_length L=sub=0=/sub= REAL Input a
& total_elongation  &Deltal REAL  Output 2 # spring_constant k REAL Input 5
@ farce F REAL Input 10 o start ¥=sub=1=lsuh= REAL Qutput I
& endl ¥=sub=2=/sub= REAL Qutput 10
@ length L REAL Dutput 10
_’i”.l‘i‘ij @ total_elongation &Delta;L REAL Output 2
............................................................................................................................................................................................................................................................. - fDn:E F REAL Output 1|:|
root { spring @ @ spring? spring
Marne | Local [Oneway] Relation | Active @ undeformed_length  L=sub=0</sub= REAL Input ]
Il Y =length= == =end0= - =start= [¥] @ spring_constant k REAL Input 20
r2 ki «total_elongation= == =length= - <undeformed_length= [v] < start ¥=sub=1=isub=  REAL Output 10
r3 ¥ =farce= == =spring_constant= * <tatal_elongation= v < endl ¥=sub=2=/sub= REAL Output 185
@ length L REAL Qutput 8.4
« total_elongation EDelta; L REAL Qutput na
.gg spring [_ o] =] @ force F REAL Output 10
S Symbol Tyne Input Valles @ deformation u=suh=1=/sub= REAL Dutput 2
B oot snting @ deformation2 u=suh=2=/sub= REAL Qutput 248
2 undeformed_length Lesub>O<fsub> REAL  Input 2D @ |oad P REAL Input 1o
< spring_constant k REAL Qutput 20
@ start ¥=sub=1=lsub= REAL Input 10
@ endd ¥=suh=2=/sub= REAL Output 3z
@ length L REAL  Input 22 root { spring. system)
:]‘Egtri:a_elnngatmn SDeIta,L Egit S]Etftm i[l Marme [Locallonewsy Relation | Active
r Y =spring1.start= == 0.0 [¥]
2 A =spring1.end0= == =spring 2. start= [¥]
r3 A =spring1 force= == =spring? force= [¥]
2 r4 A =gpring 2 force= == =load= [¥l
root { spring ) ra ¥ =deformation? = == =spring? total_elongation= [
Marrie | Local| Oneway] Relation | Active 16 i =<deformation2= == =spring2 total_elongation= + <deformationt = v
1 Y =lenngth= == =gndl= - =start= ¥l
I Ad =total_elongation= == =length= - =undeformed_|enagth= [¥]
3 A =force= == =s5pring_constant= * =total_elongation= [¥]
GTIgToTT TeUTyTer TeTT n_--grrreeﬁﬁg"rﬁFormation Systems Lab o eislab.gatech.edu 30




COB Modeling Views

Constraint Schematic
O

O L
o——b d
o olle T

Object Relationship Diagram

Subsystem Views

COB Schema 5 o
Language g 8
/ e
S I/O Tables
—_— \

> | / l *xtended Constraint Graphs
Express-G TI—J

STEP
o Express
HTML
Constraint Schematic-I COB Instance
O— [ /—©° Language
20.2in
3006 psi. ~ e /
(200650~ g
Extended Constraint Graphs-I
l
20.21in STEP HTML

Part 21

30e6 psi
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Flexible High Diversity Design-Analysis Integration
Tutorial Examples: Flap Link (Mechanical/Structural Analysis)

Design Tools Modular, Reusable

MCAD Tools : _| Template Libraries
e —
Extension
Analyzable
\ Product Model /
XaiTools
Torsion

Materials DB

* = [tem not yet available in toolkit (all others have working examples)

Analysis Modules (CBAMSs)

of Diverse Mode & Fidelity

XaiTools

1D,

© 1999 GIT Georgia Tech Engineering Information Systems Lab ¢ eislab.gatech.edu

FEA Ansys

Analysis Tools

General Math
Mathematica

Y L
L,/,‘ﬂ AL
P [ ¢ — P
E A .0 x



Tutorial Example:
Flap Link Analysis Problems/CBAMSs

Flap Link SCN (1a) Analysis Problem for 1D Extension Analysis
(2) Torsion Analysis // Designlldealization
(1) Extension Analysis — | Links Y L |
a. 1D Extensional Rod *@i @Aﬁ
b. 2D Plane Stress FEA o e«
1. Mode: Shaft Tension Material Links deformation model
) ) : Extensional Rod
2. BC Objects ”rlckj’ﬂge . effctive length, L, alt s (isothermei‘)L
Flaps down : F = | 10000 |  [bs xlo L
3. Part Feature (idealized) mg)dei shaft tension cross secjibn _ _ area, 4 al2 :2
. 50 . Anear elastic modeLﬁyoungs modulus, E al3
Leff_ i n 1020 HR Steel condition  reaction " " E s
O—0O F £
A= | 1.13 |in? E=| 30e6 | psi x\
stress mos modgl
Gallowable =| /8000 pSi Margin of Safety N
(> case)
4. Analysis Calculations allowable GO Slowebie sess
- actual
5. Objective BC Object Links  Solution Tool
| Pullable Views* (other analyses)* Links
MS = Zaovate _y | 103
o
* Boundary condition objects & pullable views are WIP*
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Flap Linkage Extensional Model:
Lexical COB Structure

COB link extensional model SUBTYPE OF link analysis model;
DESCRIPTION
"Represents 1D formula-based extensional model."; .
ANALYSIS CONTEXT o
PART FEATURE

y L
Ly [ AL
2 — F
E A E,0 x

deformation model

link : flap_link | R
BOUNDARY CONDITION OBJECTS o o . d
associated condition : condition; e anat tonsion o socton e P
MODE materal _inearsasc model _younge modtis £ i3 |
"tension"; condition ~ reaction O——O0——— 0~ e
! F e g
OBJECTIVES rece e o
stress mos model : margin of safety model; Nargin of Safely
ANALYSIS SUBSYSTEMS */ B e Ol alowable stress
deformation model : extensional rod isothermal; ”m%
RELATIONS
all : "<deformation model.undeformed length> == <link.effective length>";
al2 : "<deformation model.area> == <link.shaft.critical cross_ section.basic.area>";
al3 : "<deformation model.material model.youngs modulus> ==
<link.material.stress strain model.linear elastic.youngs modulus>";
al4 : "<deformation model.material model.name> == <link.material.name>";
al5 : "<deformation model.force> == <associated condition.reaction>";
alé : "<stress mos model.allowable> == <link.material.yield stress>";
al7 : "<stress mos model.determined> == <deformation model.material model.stress>";
END COB;

Desired categorization of attributes is shown above (as manually inserted) to support pullable views.

©1999 GIT cedrdd a8 Gt ARGRHIGeS sl g ed adQnlsigxtension. 34



FEA-based Analysis Subsystem

Used in Linkage Plane Stress Model (2D Analysis Problem)

Plane Stress Bodies

Higher fidelity version
vs. Linkage Extensional Model

linkage inter_axis_length
»)
L4
sleeve_1 w deformation model
>\tz Parameterized
»O DL FEA Model
r 4*
»O O WS,
>
sleeve_2 w O ts,
>
'\tj @) rs, =4 link_plane_stress_model [_ 0[]
. »O Uy max ® Name Tyne Tol_tnput Valugs
mode: tension E O ws, ) @ root link_plane_siress_modat
@ @ link flap_link
©) »O @ part_number STRING Input  RYZS10"
O ts, I ChH @ description STRING Input  “flap link type 8
O rs X;max @ designer STRING Input “J. Smith"
> © & material material
) . © @ arigin coordinate
shaft cross_section:basic wf @ inter_adis_lengt REAL Input 6.25
»O)- ») »O) @ @ sleevel sleeve
= s “tw © wi @ width w REAL nput 2
~ @ outer_dgiametsr REAL input 2
> O tw @ inner_diameter REAL Input 1
tf @ wall_thickness t REAL ouput 05
L 30O O tf © @ origin coordinate
© @ hole hole
i E © G sleeve? sleeve
material name @ & shatt tapered_beam
> »Or OE @ efieciive_length  Lesubseffsfsubs  REAL Outpt 5
n . @ 3 rin rip
linear_elastic modeIJ % & @ rin2 o
condition reaction — — »O ORY @ 45:,:|"ms,muuel gnargm,ov,sarew,moua\
& @ margin_of_satety| Mg REAL output  -0.23797207632
@) F @ allowahle REAL Qutput 18,000
allowable stress @ determined REAL Output  Z3,621.18164
N @ @ w_mos_model margin_of_safet,_model
i . > @ margin_of_safety M5 REAL Output 2003021210528
allowable inter axis length change @ allowable REAL Ouput 0.005
@ determined REAL Output  0.0016543808
© @ associated_tondition candition
@ description STRING input  “flaps down”
u, mos model stress mos model @ rometiim Bl ot 1002
@ @ deformation_model link_plane_stress_abb
i A @ ex REAL Output 30,000,000
Margin of Safety Margin of Safety o ne o a3
> case > case 91 REAL Qutput 5
( ) ( ) - 1 BEAL Ot
allowable G allowable G Solve
actual actual deformation_moel ( link_plane_stress_abh )
["harme | Local |Oneway| Relation [ Active
MS C MS C r Y Y <Ux == AnsyeF lanLinklu pan_number,<exs, <nuxys,<I= <1 = < [vi ﬂ
2 ¥ ¥ <si> == AnsysFlapLink[sx,par_number,<ex>,<nuxy>,<|>, <ws1>,= V|-
© 1999 GIT Georgia Tech Engineering nformation Systems tab ¢ eistab.gatech.edu 35



Flap Linkage Torsional Model

Sleeve 1

linkage

Sleeve 2

Diverse Mode (Behavior) vs. Linkage Extensional Model

N effective length, qu al1

deformation model

Torsional Rod

L 4

cross section:
effective ring

F23 link _torsional_madel [_TO]x]
Mame Symbol Type Input Values
@ root link_torsional_model
Q@ link flap_link
@ part_number STRING Input "WYZ-510"
@ description STRING Input "fap link tvpe 5"
@ designer STRING Input "J. Smith"
@ @ rnaterial rnaterial
@ allowable_twist_factor REAL Input 0.001
@ allowable_inter_axis_length_C=sub=.. REAL Input 0.001
& @ origin coordinate
@ inter_axis_|length L=sub=a. REAL Input 6.25
@ @ sleevel sleeve
@ @ sleevel sleeve
& @ shaft tapered_beam
@ effective_length L=sub=e. REAL Cutput &
@ allowable_twist REAL Cutput  0.005
@ @ ribt tib
@ @ rib2 tib
@ allowable_inter_axis_length_C=sub=.. REAL Cutput  0.005
9 @ associated_condition condition
@ description STRING Input "2G dive"
@ reaction REAL Input 4,000
9 @ stress_mos_model margin_of_safety_maodel
o allowable REAL CQutput 18,000
@ determined REAL Cutput 4703115814226,
W@ margin_of_safety MS REAL Qutput  2.82724
Q@ @ twist_mos_model margin_of_safety_maodel
o allowable REAL CQutput  0.005
@ determined REAL CQutput  0.002133917635
@ margin_of_safety MS REAL CQutput  1.336538461438
@ @ deformation_model tarsianal_rod
@ theta_start &theta,=.. REAL Cutput Mo value
@ theta_end &theta,=.. REAL Cutput Mo value
@ st &phi; REAL Output 0002138817695
@ torgue T REAL Cutput 5,000
4 radin . pEal Qutnit na no. 4 ¥
Solve
deformation_maodel { torsional_rod )
Name[ Relation [active] L.
r <twist= == =theta_end= - <theta_start= [vi ks
r2 =material_model.shear_strain= == =twist= * =radius= f =undeformed_|length= vl A
r3 =material_model shear_stress= == =torque= * =radius= / =polar_moment_of_inertia=| [¥] i
1 <material_madel temperature_change= == <temperature= - <reference_temperatur... | v

mode: shaft torsion polar moment of inertia, /  al2a
+—»O »O :
=Oouter radius, r, al2b
material linear elastic model _ shear modulus, G  al3
! »O
condition  reaction
O—»O
allowable stress
twist mos model stress mos model
Margin of Safety Margin of Safety
(> case) aIIOV\{abIe (> case)
allowable G—O<—!  twist allowable
actual actual
MS MS
© 1999 GIT
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Today’s Typical Analysis Catalogs

paper-oriented, no associativity

Calculation Steps

Categories of Idealized Fittings

1. End Pad Analysis — Bending
Step 1t
Step 2:

Step 3:

Step 4

2. End Pad Analysis — Shear
© Step I:

Step 2:

© 1999 GIT

g

Channel
Fitting

SECTION B-B

T

2
Boit Washer/
End Pad Interface

(Bolt Head
not shown)

- _[~Ro-R

—|

SECTION B-B

End Pad Analysis — Two margins of safety, one from the bending stress and one for the shear stress will be calculated. A n / '0 3‘;‘2‘(‘]*;"("0 e ance)
Unless otherwise noted, do not extrapolate the K3 curves. g € r1 = Bolt Hole Radius
" . r<— Bolt Diameter
Channel Fitting Fitting
rl b . . See VIEW A
Compute L and 2. End Pad Bending Analysis orin, 7 &)
3 v
VIEW A-A
From FIGURE 3-3 read K3. If b/h is less than 1.0, use the K3 value for b/h equal to 1.0.
If r;/h is greater than 0.4, use the K3 value for r;/h equal 10 0.4. B '7"1 m —J/- End Pad
Determine the bending stress, f,, : ( g T r
f,, = Ky (2 — 1) —L . g
be 3 b: h re 2 L A :[.li % i 2
. . . 1=
Determine the allowable apparent bending stress, Fp,, from the plastic bending curves in the Bolt Washer/
appropriate  DM—4XXX using K = 1.5 and an actual extreme fiber stress equal to Fp,. (B(:Ithcac;
The margin of safety is SECTION B -B
MS. = & 1 '
e = Jm £ See VIEW A-A 70 = Bolt Head Radius m g%‘fl{‘:‘ﬁl}];ﬂilﬂmﬂ
m Jbe (172 flat to flat distance) See VIEW A- A P 1 = Bolt Hole Radius
r = Bolt Hole Radius Rt pad \_ r__ Bolt Diameter
e - Bolt Diameter nd Fa . End Pad
Actual shear stress is End Pad \‘ %@%
P
fe = VIEW A-A
2T rg e VIEW A-A
The margin of safety is A ]
F b End Pad “ ’a\ ” ¢
MS. = S — | - \\4’/
Jm fse o= Bolt Washer/
| @ L [ End Pad Interface
h (Bolt Head
a not shown)
77T

END PAD VIEW

Bathtub
Fitting

Georgia Tech Engineering Information Systems Lab ¢ eislab.gatech.edu
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Transformation into
Object-Oriented Hierarchy of ABBs

Open Wall Fitting
End Pad Bending ABB

Ky =1.b.h)

© 1999 GIT

t,=min€,1,,) gp=9Fb

2 G=KK,

ABB
* = Working Examples
Specialized Analysis Specialized Analysis
Body System
Fitting Casing Body Fitting Washer Body Fitting Bolt Body*
r washer q kol cres
casing Fitting System ABB
| load P
y Open Wall Fitti K=, Rn.) Fitting End Pad ABB i
Channel Fitting Casing Body* %:sins Bold;/ng Il(_f(lt t; = g Fitting Wall ABB
2 =) Uestw i "f;/; 5
\ 77777 i
Bathtub Fitting Angle Fitting | Fg””%.E”dAgaBd f= &5 [ Fitting End Pad
Casing Body Casing Body ending hie Shear ABB*

Channel Fitting
End Pad Bending ABB*

C,=K;(2e—t,)

Georgia Tech Engineering Information Systems Lab ¢ eislab.gatech.edu
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Channel Fitting System ABBs

End Pad Bending Analysis

DM 6-81766 Figure 3.3 SECTION B-B
[T J‘I,,,‘—#loﬂ

O bolt.hole.radius, r, r

n e i

h ’ oss - Wfﬁ:/» = T;ji channel fitting factor, K3
O end_pad.height, h b e =TT ]
O end pad.width, b h

r2 r3
d_pad.eccentricity, e e
O end | .
(O —base thickness. t, fbe =K, (ze_tb)iz actual bending stress, fbe O
O end pad.thickness, t. ht;
O load, P
End Pad Shear Analysis
r1
bolt.head.radius, r,
O U P 'ah
end_pad.thickness, t f = SR ST SERS, ) g

O = L se
O load, P 27” Ote
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Reusable Fitting Analysis Module (CBAM

analysis context

with explicit design associativity

‘ bulkhead fitting attach point‘

product structure

O

© 1999 GIT

strength model

Static Strength Analysis

Channel Fitting

IAS Function
Ref DM 6-81766

MSwallC
MSepb

MS,

eps

(channel fitting joint) POIt LE7K18 IEE : 0.4375in
»O »O ~~radius, r,
> ,
fiting endpad  hole radius. 1 0.5240in "’
O—1>O—+4+—0 »O Lo 107,
) C width. b 2.440 in O b
mode: (ultimate static strength) - 1.267 in
0O eccentricity, e e
-0 . )
0O thickness, t, 0.5in p
. . e
L () height. h 2.088in g N
base hole .
»O radius, r, 0.0000 in o) r
:8 thickness, t, 0.307 in o
waII thickness., t, 0.310in oy
g w
PO angled height, a 1.770 in a
material :
———»()—Mmax allowable ultimate stress, % 67000 psi F,
u
allowable ultimate long transverse stress, £ 65000 psi
—»O [¢] LSTulT Four
i O Mmax allowable yield stress,F, 57000 psif~
v
< O—Mmax allowable long transverse stress, F,;r 52000 psi For
. L.
J O—_Mmax allowable shear stress, F, 39000 psi
o su
. »O plastic ultimate strain, €yu 0.067 infin epu
J »O plastic ultimate strain long transverse,€,,.r  0-030 in/in epul T
|2G7T12U (Detent 0, Fairing Condition 1)] ()—voung modulus of elasticity. £ 10000000 psif~ -
condition:
load, P 5960 Ibs
[ - ’( } ) )
= : :) Pll
heuristic: overall fitting factor, J,, )
Im
Program | L29 -300 Template gthé:nng FittirtEA -
Part Outboard TE Flap, Support No 2; atic strengi Analysis
Inboard Beam, 123L4567
Dataset |1 of 1
Feature | Bulkhead Fitting Joint
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Fitting Analysis Module in XaiTools

Integration Focal Point

Detailed CAD data

from CATIA

__Library data for
materials & fasteners

|dealized analysis features

in APM

— Fitting & MoS ABBs

. between detailed CAD data
& idealized analysis features

»:a channel_fitting_end_pad_bending_model_a
Marne Syrnbol Type Values
9 @ part hike_frame
@ part_number STRING Input "123L4567"
@ @ material material
@ @ cavityd cavity_with_bottorn_hole
¢ @ ribg cavity_rib
o thickness REAL Input 0.301 4 |
& @ b9 cavity_rib
& @ holtd fastener
@ @ cavityd cavity_with_bottom_hole
@ @ rib12 cavity_rib
@@ rib13 cavity_rib
@ @ bolt? fastener
@ @ hulkhead_fiting_casing channel_fitting_casino_body
@ @ hulkhead_fitting_baolt fitting_bolt_body
© @ rear_spar_fitting_1_casit channel_fitting_casing_body
@ @ rear_spar_fitting_1_bolt fitting_bolt_body
@ @ fitting_casing chanhel_fitting_casing_body
o uid STRIMG Input "FC_007_bulkhead®
W channel_fitting_factor K=sub=3., REAL Qutput 0591338526537
@ @ end_pad channel_fitting_end_pad
o height h REAL Output 2.088
@ thickness REAL Output 0.4 <
@ @ bolt_hole hole
@ effective_hole_offset REAL Output 1.267
@ @ hase_wall channel_fitting_base_wall
@ @ side_wall fitting_side_wall
@ @ fitting_bolt fitting_bolt_body
@ overall_fitting_factor REAL Input 1
9 @ associated_condition condition
@ description STRIMG Input "2GTT12U intact: detent 0, fairing condition
@ reaction REAL Input 5960
2 @ bending_mos_model margin_of_safety_model
-« margin_of_safety M3 REAL Cutput 5108275846244 /_
@ allowable REAL COutput 91 844 =
_ @determined  REAL __ Output __ 1503599416789256 _|v|
part { bike_frame }

Mame Relation | Active |
pir_b_1  =<bulkhead_fitting_casing.base_wall width= == <rib8 thickness=/2.0 + =cavity3.inner_width= + <rib3.thickness=/2.0 vl |~
pir_b_2 | =bulkhead_fiting_casing.end_pad height= == <cavity3 bottom_thickness=/2.0 + <cavity3.inner_breadth= [vi |G
pir_h_3  <bulkhead_fiting_casing.end_padthickness= == <cavity3. minimurm_hase_thickness=
pir_h_4  =bulkhead_filting_ctasing.end_pad bolt_hole.cross_section diameters == <cavity3 hole_diameter=
pir_h_5 | =bulkhead_fitting_casing.end_pad effective_hole_offset> == =cavity3 hole_height= + =cavity3 hottom_thickness=J72.10

© 1999 GIT Georgia Tech Engineering Information Systems Lab ¢ eislab.gatech.edu
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Constrained Object Language (COBs)

+ Capabilities & features:

Various forms: computable lexical form, graphical form, etc.
Sub/supertypes, basic aggregates, multi-fidelity objects
Multi-directionality (I/O change)

Wrapping external programs as white box relations

+ Analysis module/template applications:

© 1999 GIT

Product model idealizations

Explicit associativity relations with design models & other analyses
White box reuse of existing tools (e.g., FEA, in-house codes)
Reusable, adaptable analysis building blocks

Synthesis (sizing) and verification (analysis)

Georgia Tech Engineering Information Systems Lab ¢ eislab.gatech.edu
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Constrained Object Language (cont.)

¢ Overall characteristics

— Declarative knowledge representation

— Combining object & constraint graph techniques

— COBs = (STEP EXPRESS subset) + (constraint concepts & views)

— Advantages over traditional analysis representations:
» Greater solution control
» Richer semantics (e.g., equations wrapped in engineering context)
» Capture of reusable knowledge

o Further needs ...

© 1999 GIT

— Higher order constraints
— Hybrid declarative/procedural approaches
— Etc.

Georgia Tech Engineering Information Systems Lab ¢ eislab.gatech.edu
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Summary

Emphasis on X-analysis integration (XAI) for design reuse (DAI,SBD)
Multi-Representation Architecture (MRA)

— Addressing fundamental XAI/DAI issues:
» Multi-fidelity, multi-directional, fine-grained associativity, etc.
— General methodology --> Flexibility & broad application
Research advances & applications
— Product data-driven analysis (STEP AP210, GenCAM, etc.)
— Internet-based engineering service bureau (ESB) techniques
— Object techniques for next-generation aerospace analysis systems
— ~10:1 analysis time reduction in pilot tests (chip packages)
Tools and development services
— Analysis integration toolkit: XaiTools Framework and applications
— Pilot commercial ESB: U-Engineer.com

— Company-tailored engineering information system solutions
Motivated by industry & government collaboration

Georgia Tech Engineering Information Systems Lab ¢ eislab.gatech.edu

44



¢

© 1999 GIT

Selected Tools and Services

offered via Georgia Tech Research Corp.
http.//eislab.gatech.edu/

XaiTools Framework™

— General-purpose analysis integration toolkit 5,7;7',3,3/5
Product-Specific Toolkits B“‘z

— XaiTools PWA-B® .

— XaiTools ChipPackage” U 'E n g ineer

U-Engineer.com” Home News Services TOC Feedback
— Internet-based engineering service bureau (ESB)
— Self-serve analysis modules <> Full-serve consulting
Research, Development, and Consulting
— Analysis integration & optimization
— Product-specific analysis module catalogs
— Internet-based ESB development
— Engineering information technology
» PDM, STEP, GenCAM, XML, UML, Java, CORBA, Internet, ...
— CAD/CAE/CAM, FEA, thermal & mechanical analysis

Georgia Tech Engineering Information Systems Lab ¢ eislab.gatech.edu 45



For Further Information ...

+ EIS Lab web site: http://eislab.gatech.edu/
— Publications, project overviews, tools, etc.

— See Publications, DAI/XAI, Suggested Starting Points
+ XaiTools home page: http.//eislab.gatech.edu/tools/XaiTools/
+ Pilot commercial ESB: http.//www.u-engineer.com/

— Internet-based self-serve analysis
— Analysis module catalog for electronic packaging
— Highly automated front-ends to general FEA & math tools

Georgia Tech Engineering Information Systems Lab ¢ eislab.gatech.edu
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